In this paper, We have implemented an efficient technique for the inactivation of pathogens in the air and on the surfaces of the hospital rooms. These rooms are the main source of the bacterial diseases spreading in the locality and thereby contaminating the environment. So, a new method is taken into account which uses the wavelength light centered at 405 nm for the disinfection process. The inactivation process of bacteria's is caused by the 405 nm light which targets the intra-cellular porphyrin of the pathogens which absorbs the light and bacteria's are eliminated due to the generation of reactive oxygen species in their body. This process has been successfully achieved by the proposed model system. This system uses the light source assembly as a primary source that emits the white light in the broad spectrum which ranges from 450-475 nm that lies in the visible spectrum region. Then this broad spectrum white light is passed through the high-intensity narrow band pass optical filter which reduces the wavelength in the range of 400-410 nm having wavelength centered at 405 nm. Along with this, a multi-sensor adaptive feedback network is also applied to the system which changes the intensity level of the disinfecting light depending on the density of the bacteria's present in the room. This adaptive nature of the system helps in reducing the power consumption by the system which is necessary in case of continuous disinfection process. This method holds an upper hand over the ultraviolet light devices (UV-C) technique which uses the wavelength in the range of 254-360 nm for the disinfection process. Since the 405 nm light lies in the visible spectrum, hence it is safe to use in presence of a person in the room, thus making the system a continuous process for the disinfection. c ⃝ 2018 The Authors. Published by Elsevier B.V. Peer-review under responsibility of the scientific committee of the 6th International Conference on Smart Computing and Communications.
Introduction
Nowadays, environmental infection is one of the major concerns for the health care domain as these bacterial pathogens are easily transmitted to water, food and other surrounding sources, these later becomes the main cause for the illness and serious health issues throughout the world. HCAIs is one of the major challenge faced by the hospitals for patients being admitted to the facility and in the operation theater of the hospital. This emerges a special need and attention for surrounding cleaning action in the patient care areas, which are the main source of bacterial infections in the environment. The pathogens in these areas can be spread easily from one person to another. Since the person in their treatment phase goes from a weak immune system which makes it easy for the bacteria's to attack the body and spread rapidly in the area. One of the traditional and most commonly used method for antimicrobial process includes the use of light system in the wavelength range of 240 − 260 nm which falls under UV and UV-C radiation category, but this light system cannot be used in the presence of the person in the room and this is the major drawback of the technique. So, this emerges a need for a more safe technique which can be used in presence of a person in the room and making the disinfection system continuous in nature. An effective and low-cost implementation method is achieved by using the new day modern technology of multiple senors and feedback network, existing light source and high intensity narrow band-pass optical filter [1] . This technique can be used for the surrounding decontamination application in the hospitals and clinics. Apart from the surrounding decontamination application, the tool emitting violet-blue light can be used in wound and skin related treatments but for now these application are out with the scope of current view.
Motivation
There already exist some of the techniques for disinfecting the hospital surroundings and hence making the environment clean and safe for the treatment, but all techniques which are mentioned below lacks in a common parameter of continuous disinfection operation and power consumption issues. As in case of UV-C technique which in toady's era is a dangerous issue because of its harmful radiation which can not be used in a presence of person, thus making it a discontinuous process. So, this emerges a need of a system which will provide continuous disinfection at low cost and with less power consumption. Most common traditional methods involved are:
• Self-Disinfecting Surface: This method involves coating of surfaces with heavy metal such as silver or copper which exhibit antimicrobial property and thus prevent the growth of bacterial pathogens on the surface. The problem with the technique is that its efficiency of preventing the growth of bacteria kept on degrading as the time passes and may last for only few weeks with a very low efficiency which is also not very cost effective to use. • Light-activated photosensitizers: This method involves the use of nano-size titanium dioxide on the surface along with the UV light to generate reactive oxygen species that disinfects the surface. This method shows varying antimicrobial activity,with relative susceptibility of agents against pathogenic bacteria's. • Aerosolized hydrogen peroxide: This method involves 3 to 7 percent use of hydrogen peroxide with silver ions and also without it resulting a significant reduction in bacteria at the surface of the facility. • Hydrogen peroxide Vapor: This method uses a dry gas of 30 percent hydrogen peroxide resulting in inactivation of bacteria's but due to its long cycle it is difficult to implant this system in the health-care facilities. • Photocatalytic Disinfection: This method uses titanium dioxide to oxidize the bacteria's present in the air and on surfaces. The technique is costly to use for health care facility but gives better results.
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• Ultraviolet light devices: This method uses UV-C light in the range of 254 nm but can only be placed in the room after evacuating it. The ease of use gives it a upper hand from the above mentioned techniques [2] .
Contributions
The traditional methods mentioned in the motivation section provides significant inactivation of pathogens present in the surroundings and surfaces of the health-care facilities, but they all lack in the common parameter of continuity. Every technique has either to be applied in the interval of time or in the absence of a person in the room, which results in the reduce efficacy in the inactivation of pathogens. On the other hand this method and modeled system provides the disinfection process in the presence of a person in the room by using the light in the visible spectrum region for the inactivation of the pathogens. A novel approach as presented includes the use of narrow band optical filter, existing light source, multi-sensors and an adaptive feedback network for the system. Adaptive nature of the system is used for changing the light intensities accordingly, which results in low power consumption by the system. The use of existing light sources, optical filter and an adaptive feedback network provides a cost effective system to implement and use for the continuous disinfection process. The method is capable to prevent the significant growth of pathogens in the health-care facilities, hence keeping the environment clean and making it safe for the treatment.
Key features
Some of the key features of the proposed model are listed below:
• This system provides the continuous disinfection for air, surface and materials present in the room, based on visible light spectrum ranging from 400 − 410 nm having wavelength centered at 405 nm. • The fact that visible light is not injurious to humankind but can be used to inactivate the bacteria's gives an upper hand to the proposed system model. • The other advantage to our system lies in using the light sources in the health-care facilities along with the high intensity narrow band-pass optical filter, which results in the desired wavelength of light in the visible region for the disinfection process. • The fact that adaptive feedback network results in the longer life support and increases the life time of our system model providing the environment disinfection 24/7 in the health-care facilities. • The efficiency of the system model depends upon the size of the optical filter being used, giving maximum efficiency at total coverage of the light source by the optical filter that is being used. • The cost of the proposed system model is minimal as using existing tools reduces the first time installation cost and the mentioned system requires low level of maintenance. So, considering all the add-on to the proposed model makes it suitable for the practical implementation in the day to day life of the health-care facilities and providing a more secure and healthy locale to live.
The remainder of the paper is compiled as follows. The antimicrobial effects at 405 nm wavelength light is explained in Section 2. A detailed description of designed system model and experimental setup is explained in Section 3. Section 4 presents the Multi-sensor adaptive feedback network which helps in reducing the power consumption by the modeled system. In Section 5, a comparative analysis between the other technique and with UV-C light is explained. Section 6 shows conclusion of the paper.
Antimicrobial Effects at 405 nm Wavelength Light
There has been an increased emphasis on using the artificial light for the inactivation of bacteria's in the health-care facilities. More recently, the focus has been shifted to use the light within visible spectrum ranging from 400 − 700 nm. Among this wide range of spectrum the violet-blue light which is having wavelength around 405 nm have shown the antimicrobial capability and can be use to eliminate the bacteria's in air and on surface of the health-care facilities. The sub-section (2.1) gives an overview to the inactivation mechanism at 405 nm wavelength light and sub-section (2.2) gives the bacteria kind and their tolerance values to the violet-blue light [3] . The mechanism of inactivation as shown in figure 1(a) is basically based on the photo-dynamic inactivation which results in the photo-excitation of intracellular porphyrin molecule where these excited molecule react with oxygen to produce reactive oxygen species (ROS), which causes the oxidative damage and ultimately the microbial cell death. Experiments have shown the inactivation of bacteria can be carried out in the range of 400 − 425 nm wavelength but gives an optimal inactivation of bacteria's around 405 nm. This is related with the fact that peak inactivation relates with maximum absorption of porphyrin molecules, and the given wavelength region band as soret band[4].
Bacterial Kinds and Tolerance to 405 nm Light
The bacteria's which are found in the health-care facilities can be broadly classified as gram positive and gram negative bacteria's. Table (1) indicates the kind of bacteria's belonging to gram positive status or gram negative status along with the bar graph as shown in figure 1(b) , indicating the tolerance value to the 405 nm light of the most commonly found bacteria's in the health-care facilities [5] . figure 2(a) is used as a primary source for the generation of light in the visible spectrum, which is followed by an optical filter having a diameter of 25 mm in the setup shown in Figure 3 to provide the desired range of visible light wavelength for disinfection. The rate of disinfection can be controlled by the size of the optical filter being used, distance at which the inactivation has to be carried out and the assembly of power source being used. In the following sub-section (3.1) a mathematical relation is shown, indicating the change in the intensity values on varying the distance for the disinfection process and also on changing the power of the source being used.
Numerical Analysis
Considering the stated terminologies and indicating it with our reference as, P 1 = Primary power source; I 1 = Intensity of the primary source; d= distance of the petri dish from the source at which the intensity is to be measured; I 2 = Final Intensity of light falling on the petri dish. So, the relation between the final intensity I 2 falling on the petri dish and its effects with changing the primary source intensity I 1 is given by,
Here, K is the multiplicative factor which depends upon the diameter of the optical filter being used, for getting a better understanding of the above stated formula.Let us consider an example for P = 9 W at d = 0.17 m
Giving I 2 as,
And the practical values measured from the optical power meter as shown in figure 2(b) for I 2 comes out be 1.04 × (10) −4 w/m 2 which is approximately equal to the equal to the value calculated through the above relation.
Similarly, for P = 9 W at d = 0.115 m
I 1 = 9 4 × π × (0.115) 2 = 54.154w/m 2 (7) Giving I 2 as,
And the practical values measured from the optical power meter as shown in figure 2(b) for I 2 comes out be 2.32 × (10) −4 w/m 2 which is approximately equal to the equal to the value calculated through the above relation. Variation of Intensity on varying the power and distance is shown in the Table ( 2) and Table ( 3)
Multi-Sensor Adaptive Feedback Network
Figure (4) depicts the block diagram and working behavior of the optically enabled Multi-sensor feedback network for the continuous inactivation of the pathogenic bacteria's found in the health-care facilities. The adaptive light source assembly is the primary source of power emitting the different wavelengths of lights followed by the optical filter assembly which acts as a high intensity narrow band-pass filter giving an output wavelength of 405 nm light which is then incident on the OT room and the surgical tray environment for the disinfection of the bacteria's present. Multiple sensor placed in the OT room for the detection of the intensity level and to depict the change in the intensity level according to the density of the bacteria's present at the particular period. Then, accordingly signals are sent to the processing unit which increases or decreases the intensity level by sending the command signals to the adaptive light assembly as shown in the figure (4). 
Comparative Analysis
There are some other traditional and common techniques which also exists and are used widely for cleaning the health-care facilities other than the lighting devices say UV or visible light, out of which some of the most used are analyzed below along with the 405 nm technique in the Table (4) and the comparison between UV light and the 405 nm visible light is shown in Table (5) for the prominent understanding of the methods.
Conclusion
The modeled system was tested and the resultant changes in the bacterial colonies is shown in Figure (5) indicating a disinfection percentage of more than 99% for the system model. The traditional method of using UV lights have been used for the inactivation of bacteria for more than a century, now more recently the antimicrobial properties of violet-blue light in the visible spectrum has been recognized and studied in many of the research laboratories all over the world. The best efficacy of the violet-blue light was recognized around 405 nm wavelength of light. The fact that visible light do not harm the human body is of the utmost importance and this safe nature of the system makes it an important tool for the environmental disinfection process and more specially to health-care facilities. It is also intended that this system when used with the traditional disinfection methods which are carried out in the hospitals will result in better reduction of pathogens in the surroundings and will help in reducing the levels of HCAIs.
The mentioned system model in Figure 2 (a) and the experimental setup shown in Figure 3 along with the Multisensor feedback network as shown in Figure 4 is a suitable technique to achieve the desired results in the rooms of health-care facilities as shown in Figure 5 . This system provides a reliable, power efficient and cost effective way for the inactivation process of the pathogens. Since, the use of optical filter eliminates the need of any specially designed light systems to emit wavelength of 405 nm light, using existing light source make it less complex, and a low maintenance system. The other important advantage of the system lies in the Multi-sensor feedback network which prevents the usage of power depending upon the bacterial levels in the room. Hence, making the nature of system adaptive to the pathogens, resulting in a low power consumed system. Given, these advantages and features, it is evident that the mentioned system and 405 nm technology gives a novel approach to environmental disinfection in the society. So, this technique will contribute in tackling the problems and challenges related to the pathogens which are causing the environmental contamination related in the hospital rooms and OT rooms and increasing the level of HCAIs. Along with this, system may have a mobile platform with a sensor capable of sensing and detecting fluorescence of biological contaminants irradiated with visible light to locate contaminated areas. Thus, making the system a mobile and continuous platform for eliminating the bacteria's in the locale of hospitals and increasing the range and selectivity of the area at the same time.
